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Baculovirus P10 protein is a small conserved protein and is expressed as bundles of filaments in the host cell during the late phase of virus
infection. So far the published results on the domain responsible for filament structural formation have been contradictory. Electron microscopy
revealed that the C-terminus basic region was involved in filament structural formation in the Autographa californica multiple nucleocapsid
nucleopolyhedrovirus (AcMNPV) [van Oers, M.M., Flipsen, J.T., Reusken, C.B., Sliwinsky, E.L., Vlak, J.M., 1993. Functional domains of the
p10 protein of Autographa californica nuclear polyhedorsis virus. J. Gen. Virol. 74, 563–574.]. While in the Helicoverpa armigera
nucleopolyhedrovirus (HearNPV), the heptad repeats region but not the C-terminus domain was proven to be responsible for filament formation
[Dong, C., Li, D., Long, G., Deng, F., Wang, H., Hu, Z., 2005. Identification of functional domains required for HearNPV P10 filament formation.
Virology 338, 112–120.]. In this manuscript, fluorescence confocal microscopy was applied to study AcMNPV P10 filament formation. A set of
plasmids containing different P10 structural domains fused with a fluorescent protein were constructed and transfected into Sf-9 cells. The data
indicated that the heptad repeats region, but not the proline-rich region or the C-terminus basic region, is essential for AcMNPV P10 filament
formation. Co-transfection of P10s tagged with different fluorescent revealed that P10s with defective heptad repeats region could not interact with
intact heptad repeats region or even full-length P10s to form filament structure. Within the heptad repeats region, deletion of the three amino acids
spacing of AcMNPV P10 appeared to have no significant impact on the formation of filament structures, but the content of the heptad repeats
region appeared to play a role in the morphology of the filaments.
© 2007 Published by Elsevier Inc.Keywords: AcMNPV; HearNPV; P10; Heptad repeat; Filament formation; Green fluorescent proteinIntroduction
A characteristic of the late infection stages of baculoviruses
is the abundant production of a filamentous structure known as
P10. It was identified by immunogold electron microscopy in
Autographa californica nucleopolyhedrovirus (AcMNPV)
infected cells as a viral encoded 10 kDa (Van der Wilk et
al., 1987; Quant-Russell et al., 1987). The gene encoding P10
has been found in all the sequenced lepidopteran buculo-
viruses, but seems to be absent in the dipeteran and hemeno-
petran baculoviruses. For example, it was absent in NeleNPV
(Lauzon et al., 2004), NeseNPV (Garcia-Maruniak et al., 2004)
and CuniNPV (Afonso et al., 2001). Previously studies
indicated that P10 was a multifunctional protein associated⁎ Corresponding author. Fax: +86 27 87197180.
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doi:10.1016/j.virol.2007.03.051with cell lysis, nuclear membrane disintegration, stabilizing
polyhedra, liberation of polyhedra and interaction with micro-
tubules (Williams et al., 1989; van Oers et al., 1993; Gross
et al., 1994; Patmanidi et al., 2003). But the exact function
of P10 is still unclear and the deletion of p10 gene from
AcMNPV did not affect the viral replication in vitro (Vlak
et al., 1988).
Despite common low sequence identities, baculovirus P10s
share a conserved secondary structure such as a heptad repeats
region (also called coiled-coil domain) in the N-terminus half
followed by a proline-rich domain and a positively charged
basic C-terminus (van Oers and Vlak, 1997). These different
domains were proposed to be responsible for different
functions. The heptad repeats region was responsible for P10
aggregation, proline-rich domain was associated with cell lysis
and the C-terminus region was responsible for filament structure
formation (van Oers and Vlak, 1997).
391C. Dong et al. / Virology 365 (2007) 390–397We have recently reported that confocal fluorescent
microscopy, electron microscopy (EM), and immunogold
electron microscopy (IEM) demonstrated that GFP-tag was a
useful tool to study the filamentous structure of P10s (Dong et
al., 2005). It was shown that in the Helicoverpa armigera
NPV (HearNPV), the heptad repeats region, but not the proline-
rich region or the C-terminus basic region was responsible for
the formation of the filaments of P10 (Dong et al., 2005).
However, this result contrasts previous findings with AcMNPV
where the C-terminus region was appeared to be necessary for
P10 filament structures (van Oers et al., 1993). In this paper, we
used the same GFP-tagged p10 technique to study filament
structure formation in AcMNPV. Our results revealed that, as in
the case of HearNPV, the P10 filament structures of AcMNPV
are also determined by the heptad repeats region and not by the C
terminus region. We further studied the impact of the heptad
repeats on the P10 filament structures by making mutants or
chimeric heptad repeats and by using different fluorescent tags.
Results
Construction of P10-fluorescent protein fusion vectors and the
expression of P10-GFPs in transfected cells
To investigate the role of different domains in AcMNPV
P10 filament formation in vitro, we construct a set of plamidsFig. 1. Schematic representation of various P10 and GFP/RFP fusions in pIZ/V5 trans
the top. Different domains of P10 and GFP or RFP were represented by different
pAcP10HR(Ha–Ac)-GFP and pHaP10HR(Ac–Ha)-GFP, numbers indicated correspond toexpressing mutant and chimeric P10s tagged with fluorescent
proteins (Fig 1).
All the plasmids were transfected into Sf-9 insect cells and the
fluorescence was observed by confocal microscopy. Western
blots were performed to investigate the expression of different
P10-GFPs in transfected cells. Anti-GFP antibody detected
specific bands of approximately 39 kDa for pAcP10-GFP,
pAcP10Δ87–94-GFP, pAcP10Δ3AA-GFP, pAcP10mHR1-GFP, and
pAcP10ΔHR1-GFP. Bands of 34 kDa were observed with
pAcP10Δ65–94-GFP, 32 kDa for pAcP10Δ52–94-GFP, and
27 kDa for pGFP (Fig. 2A). The two chimeric P10s,
pAcP10HR(Ha–Ac)-GFP and pHaP10HR(Ac–Ha)-GFP, were observed
to yield peptides of 39 kDa and 36 kDa, respectively (Fig. 2B). The
sizes of the observed bands were in close agreement with the
predicted molecular weights suggesting that P10-GFP fusion
proteins were expressed in the transfected cells.
The filament structure of AcMNPV P10 is determined by
heptad repeats region, but not by the C-terminus basic region
or the proline-rich region
When pAcP10-GFP was transfected into Sf-9 cells, a con-
tinuous net structure with spiral-like appearance was observed
by confocal fluorescent microscopy (Fig. 3A). In cells trans-
fected with pAcP10Δ87–94-GFP (the C-terminus basic region
was deleted) or with pAcP10Δ65–94-GFP (both the C terminusient expression vector. The amino acid sequence of AcMNPV P10 was shown on
blocks. The two mutation sites in pAcP10mHR1-GFP were marked with *. In
amino residue position. All the fusion proteins were under the OpIE2 promoter.
Fig. 2. Western blot analysis of the expression of GFP fusion proteins. Sf-9 cells were transfected with plasmids pAcP10-GFP, pAcP10Δ87–94-GFP, pAcP10Δ65–94-
GFP, pAcP10Δ52–94-GFP, pAcP10Δ3AA-GFP, pAcP10ΔHR1-GFP, pAcP10mHR1-GFP, or pGFP (A); and, pAcP10HR(Ha–Ac)-GFP, pHaP10HR(Ac–Ha)-GFP or pGFP (B).
The cells were collected at 48 h post-transfection. Each lane about 4×104 cell lysate was loaded for 12% SDS-PAGE separation and rabbit anti-GFP polyclone
antibody was used to recognize the GFP fusion proteins.
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structures similar to those of AcP10-GFP were observed (Figs.
3B and C). These results revealed that the C-terminus basic
region and the proline-rich region are not essential for filament
structure formation.
However, with the further deletion of last heptad repeat unit,
in pAcP10Δ52–94-GFP transfected cells, no filament structure
was formed and the fluorescence appeared to be distributed
uniformly in transfected cells (Fig. 3D). This was similar to that
of the control plasmid pGFP (Fig. 3H).When pAcP10ΔHR1-GFP
(deletion of the first heptad repeat unit) was transferred into Sf-9
cells, no filament structures were formed either (Fig. 3E). When
pAcP10mHR1-GFP (the Leu7
th and IIe11th were both mutated
into Ser) was transfected into Sf-9 cells, no filament structure
was observed (Fig. 3F). These results revealed that both the
heptad repeat unit7 and unit1 are essential for AcMNPV P10
filament structure formation, suggesting that the entire heptad
repeat region is essential for filament formation.
Deletion of the three amino acids spacing appeared to have no
significant impact on the filament structure of AcMNPV P10
In AcMNPV P10, there is a three residue skip or spacing
(residues not included in a heptad repeat) after the 4th heptad
repeat unit (Fig. 1). This kind of spacing is also found in many
other baculovirus P10s and it was suggested that it might be
important for function or filament structures (Wilson et al.,
1995). To investigate the importance of spacing in filament for-
mation, pAcP10Δ3AA-GFP was constructed where the spacing
of 3 amino acids was deleted (Fig. 1). When this plasmid was
transfected into Sf-9 cells, filament structures similar to AcP10-
GFP were observed (Fig. 3G). Therefore, the deletion of the
spacing did not affect the AcMNPV P10 filament formation.
The contents of the heptad repeats regions impacted the
morphology of P10 filaments
To investigate the impact of heptad repeats content on
filament structures, two chimeric P10-GFP fusion plasmids
were constructed. Plasmid pAcP10HR(Ha–Ac)-GFP had a AcP10-GFP backbone, but the first half of heptad repeats region (1–37
aa, including heptad repeat unit1–4) was replaced with that of
HearNPV P10 (1–50 aa, including heptad repeat unit1–5). The
other plasmid, pHaP10HR(Ac–Ha)-GFP, had a HaP10-GFP
backbone, but the first half of heptad repeats region of HaP10
(1–47 aa) was replaced with that of AcP10 (1–34 aa) (Fig. 1).
The data summarized in Fig. 3 show that pAcP10HR(Ha–Ac)-GFP
formed dot-like structure (Fig. 3I) distinctly different from the
structures formed by the parental pAcP10-GFP (Fig. 3A) in Sf-9
cells, but more similar to the dot-like structures formed by
pHaP10-GFP in Sf-9 cells (Dong et al., 2005). The plasmid
pHaP10HR(Ac–Ha)-GFP formed web-like structures (Fig. 3J) of a
different morphology from either that of pAcP10-GFP (Fig. 3A)
and or the dot-like structures of pHaP10-GFP (Dong et al.,
2005). We conclude that the content of heptad repeats somehow
impacts the morphology of filament structure.
The P10s containing defective heptad repeats region could not
interact with intact heptad repeats regions or full-length P10s
to form filament structure
We further studied the formation of P10 filaments by
co-transfection into Sf-9 cells of P10 proteins tagged with
different fluorescent proteins. Two plasmids tagged with
Discosoma sp. red fluorescent protein (RFP) were constructed.
In pAcP10Δ52–94-RFP (Fig. 1), the RFP gene was fused with a
truncated AcP10 in which the C-terminal basic region, the
proline-rich region and the last heptad repeat unit were deleted.
The other plasmid, pAcP10-RFP, contained the full-length P10
with RFP (Fig. 1).
When pAcP10Δ52–94-RFP and pAcP10Δ52–94-GFP were
co-transfected into Sf-9 cells, the green and red fluorescent
could be co-localized, but as expected, no filament struc-
tures were formed (Fig. 4A). When pAcP10Δ52–94-RFP and
pAcP10ΔHR1-GFP were co-transfected into cells, no filament
structures were observed indicating that the proteins with
impairment of heptad repeat unit1 and unit7 could not interact
with each other to form filament structures (Fig. 4B). When
pAcP10Δ52–94-RFP and pAcP10Δ65–94-GFP were co-transfected
into cells, only the filament structure of AcP10Δ65–94-GFP was
Fig. 3. Confocal microscope images of Sf-9 cells transfected with plasmids containing different P10-GFP constructs. pAcP10-GFP (A), pAcP10Δ87–94-GFP (B),
pAcP10Δ65–94-GFP (C), pAcP10Δ52–94-GFP (D), pAcP10ΔHR1-GFP (E), pAcP10mHR1-GFP (F), pAcP10Δ3AA-GFP (G), pGFP (H), pAcP10HR(Ha–Ac)-GFP (I) and
pHaP10HR(Ac–Ha)-GFP (J). At 48 h post-transfection, cells were examined by confocal microscopy. Panels A–J were fluorescence images and Panels A′–J′ were the
same fields under normal light.
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not change in the transfected cells (Fig. 4C). Similar results were
obtained by co-transfecting pAcP10Δ52–94-RFP and pAcP10-
GFP into cells (Fig. 4D). These results indicated that the defective
pAcP10Δ52–94-RFP could not interact with intact heptad repeats
region or full-length P10 to form filament structures.
When pAcP10-RFP and pAcP10-GFP were co-transfected
into cells, most of the filament structures were a merge of
both green and red fluorescence (Fig. 4E). When pAcP10-
RFP was co-transfected with either pAcP10ΔHR1-GFP orpAcP10Δ52–94-GFP into cells, red filament structures were
observed along with randomly distributed green fluorescence
(Figs. 4F and G), confirming pAcP10-RFP could not interact
with pAcP10ΔHR1-GFP or pAcP10Δ52–94-GFP to form filament
structures. When cells were co-transfected with pAcP10-RFP
and pAcP10Δ65–94-GFP, most of the filament structures were a
merge of green and red fluorescence indicating that P10s
having the same heptad repeats region butwith differentC-termini
could interact with each other to form filament structures
(Fig. 4H).
Fig. 4. The co-localization of various of P10 fusions tagged with GFP or RFP. Sf-9 cells co-tansfected with plasmids indicated at the top of the columns were examined
at 48 h post transfection. Images observed in GFP channel, RFP (Ds-Red) channel as well as the merged pictures, were presented.
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395C. Dong et al. / Virology 365 (2007) 390–397Based on the above observations, we propose that the P10
proteins with a defective heptad repeats region could not
interacted with intact heptad repeat regions to form filament
structures.
Discussion
The data presented here show that both pAcP10Δ87–94-GFP
and pAcP10Δ65–94-GFP formed net filament structures similar
to those of pAcP10-GFP in transfected cells (Fig. 3), indicating
that the basic region of the C-terminus and the proline-rich
region were not essential for the formation of the AcMNPV
filament structures. These findings contrast a previous sugges-
tion by van Oers et al. (1993) that the C-terminus basic region
was essential for filament formation. The conclusion reached
by the latter authors was based on EM observations on a
C-terminus deletion mutant that formed aggregations of P10 but
not filaments (van Oers et al., 1993). The difference may due to
the fact that EM pictures show only a section of the filament
structure, and it might have been hard to predict the whole
structure of the filament. Therefore, GFP-tag and confocal
fluorescent microcopy is a more powerful tool to reveal the P10
filament structure in comparison to EM observations alone.
Similar approaches have been used to study P10 (Patmanidi et
al., 2003) and the filament-associated late protein of entomo-
poxviruses (FALPE) by using immunofluorescence microscope
(Alaoui-Ismaili and Richardson, 1998).
Once the heptad repeat unit in either the N-terminus
(pAcP10ΔHR1-GFP, pAcP10mHR1-GFP) or the C-terminus
(pAcP10Δ52–94-GFP) of heptad repeats region is disrupted, no
filament structures were formed by P10-GFP fusion proteins in
the transfected cells. It implies that the full-length heptad
repeats are essential for P10 filament structure formation,
although the essential of the heptad repeat unit 2–6 needs to be
confirmed. The necessary of the heptad repeat region for
filament formation corroborate similar findings with HearNPV
(Dong et al., 2005). As the P10 proteins from both AcMNPV (a
group I NPV) and HearNPV (a group II NPV) generated the
same results, we suggested that the heptad repeats region is
responsible for filament formation and that the same finding
will likely be observed in all baculoviruses that encode P10s.
These results suggest that we need to modify the previous
hypothesis on the involvement of the N-terminus heptads
repeats region in P10 aggregation and the C-terminus basic
region in filament structures formation (van Oers et al., 1993;
van Oers and Vlak, 1997). Our current hypothesis is that the
N-terminus heptad repeats region is responsible for P10 filament
structure formation. This is in agreement with the previous yeast
two hybridization result that only the N-terminus but not the
C-terminus of AcP10 could self-interact (Alaoui-Ismaili and
Richardson, 1998).
It needs to be pointed out, however, that all our data were
based on plasmid transfection. It can not be ruled out that the
results might be different with viral infection. For example, if
there is another viral protein involved in promoting P10
filament formation by binding to the C terminal region in the
virus infected cells, that could explain the difference betweenour results and those of van Oers et al. (1993) who used recom-
binant viruses to express the mutant P10 constructs.
By using two different fluorescent proteins tags, we were
able to demonstrate that P10 molecules assembled into filament
structures only when their heptad repeats region is functional.
The molecules with defective heptad repeats region could not
assemble into the filament structures even in the presence of
molecules with intact heptad repeats regions or even full-length
P10s in the same cell (Fig. 4). What elements are essential for a
heptad repeats region to be functional and how P10 molecules
assemble into filament structures are still unsolved questions at
the moment. So far identified baculoviruses P10s contain seven
or more heptad repeats. AcMNPV P10 contains seven heptad
repeats. As the deletion of either heptad repeat unit1 or unit7
blocks P10 filament formation in AcMNPV, it was initially
tempting to assume that seven heptad repeat units were the
minimum requirement for filament formation. However, this
turned out to be untrue as the chemiric pHaP10HR(Ac–Ha) which
contains only 6 heptad repeats (unit1–4 of AcMNPV and unit
7–8 of HearNPV) (Fig. 1) could also form filament structures
(Fig. 3J).
It has been previously suggested that the three amino acids
spacing found in many baculoviral P10 heptad repeats region
had an impact on filament formation (Wilson et al., 1995). A
similar “stammer” has been identified in α-fibrous proteins that
leads to overwinding of α-helices (Brown et al., 1996). In our
study, the filament structures formed by pAcP10Δ3AA-GFP
(Fig. 3G) did not appear to be significantly different from that of
the full length AcP10 (Fig. 3A). Therefore, although the spacing
is conserved in most baculovirus P10s, its deletion has no
significant impact on filament formation. Whether it has some
other impact on the function of P10, needs to be further studied.
Apart from baculoviruses, several other viruses also produce
filament structures during their infection of the cells. The
nonstructural protein NSs of Rift Valley Fever (RVF) virus
forms filamentous structure in the nuclei of infected cells and
the protein contain helices but no heptad repeats (Yadani et al.,
1999). Tospoviruses exhibit similar structures in the cytoplasm
of infected plant cells (Storms et al., 1995). Like baculoviruses,
entomopoxviruses induce specific filaments in the cytoplasm of
infected cells during the late phases of infection and the
filaments are composed of a phosphoprotein termed FALPE
(Alaoui-Ismaili and Richardson, 1996). The role of these
filaments is not known. Studies of baculovirus P10s will be
helpful to elucidate the functions and the formation mechanisms
of these filaments.
Materials and methods
Cells and virus DNA strains
The Spodoptera frugiperda insect cell line Sf-9 was main-
tained inGrace's insectmedium (Gibco-BRL) supplementedwith
10% fetal bovine serum (FBS) at 28 °C. The bMON14272
AcMNPV bacmid (Invitrogen) and HearNPV genomic DNA
(Chen et al., 2001) were used as templates to amplify the p10
gene.
Table 1
Oligonucleotides used in this study a
Name Sequence
P10F 5′-gaattcaatcatg-tcaaagcctaacg-3′
R94 5′-ggatccttggaactgcgtttaccacgacg-3′
RΔ87–94 5′-ggatccggagcgtctgaatcgagttcaaaagc-3′
RΔ65–94 5′-ggatccccaacaatgtcgccggtcaatat-3′
RΔ52–94 5′-ggatccttagtgttaagatcggtcaa-3′
P10FΔHR1 5′-gaattcatgagcaaacccaatgtggttacggaaactaccacaaaggttgacagt-3′
P10Fm 5′-gaattcatgtcaaagcctaacgtttcgacgcaaagt-3′
DelR34 5′-tgattcttccagcccgtttaa-3′
DelF38 5′-ttaaacgggctggaagaatcattggacggtttgcccgctcaattg-3′
P10F38 5′-taaatgacgg caaagtgcgtgttggacggtttgcccgctcaattga-3′
HaP10F 5′-gaattcatgtcacaaaacattctattg-3′
HaR87 5′-ggatccccttttttattggacacttttcg-3′
HaR50 5′-cacggcactttgaccgtcgatctta-3′
HaF48 5′-ttaaacgggctggaagaatcaagtgccgtgttggaaacgctt-3′
a The nucleotides marked in bold were restriction enzyme sites.
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Table 1 shows all the primers used in this study. The p10
gene of AcMNPV was amplified from the bMON14272 using
P10F and R94 primers. The product was cloned into pEGFP-N1
or pDs-Red2-N1 vector (Clontech) with EcoRI and BamHI to
generate GFP and RFP fused genes, respectively. The fusion
p10-gfp or p10-rfp fragment was digested with EcoRI and NotI
and further cloned into pIZ/V5 vector (Invitrogen), generating
the transient expression plasmids pAcP10-GFP and pAcP10-
RFP. In the same way, primers (P10F, RΔ87–94) were used to
generate plasmids pAcP10Δ87–94-GFP, deleting the C-terminus
basic region (aa 87–94). Primers (P10F, RΔ65–94) were used
to generate the plasmid pAcP10Δ65–94-GFP, with a deleted
C-terminus basic region and proline-rich region. Primers
(P10F, RΔ52–94) were used to generate pAcP10Δ(52–94)-GFP
and pAcP10(52–94)-RFP, in which the C-terminus basic region,
proline-rich region and the last heptad repeat unit has been
deleted. Primers (P10FΔHR1, R94) were used to generate the
plasmid pAcP10ΔHR1-GFP, in which the first heptad repeat
unit was deleted. A mutant plasmid pAcP10mHR1-GFP, in which
the Leu7th and IIe11th were mutated to Ser, was constructed using
site-specific mutation primers (P10Fm, R94).
Overlapping PCR (primers P10F, DelR34; DelF38, R94)
was employed to generate plasmid pAcP10Δ3AA-GFP, deleting
the 3 amino acids space within the heptad repeat region.
Two chimeric P10s were constructed: pAcP10HR (Ha–Ac)-GFP
and pHaP10HR (Ac–Ha)-GFP. Plasmid pAcP10HR (Ha–Ac)-GFP,
contained an AcP10 backbone, was constructed by overlapping
PCR using primers HaP10F, HaR50; P10F38, R94. First, HaP10F
and HaR50 primers were used to amplify the fragment
encoding 1–50 aa of HearNPV P10 by using HaBacHZ8 as
template, and P10F38 and R94 primers were used to amplify
the fragment encoding 38–94 aa of AcMNPV P10 from
bMON14272. The two fragments were purified andmixed as the
templates and overlapping PCR was performed to generate
pAcP10HR (Ha–Ac)-GFP by using HaP10F and R94 primers.
Similarly, a HaP10 backbone fusion plasmid, pHaP10HR (Ac–Ha)-
GFP, in which the first half of heptad repeats region (1–48 aa) ofHearNPV was replaced with that of AcMNPV P10 (1–34 aa),
was constructed using primers P10F, DelR34; HaF48, HaR87.
Transfection of Sf-9 cells and fluorescence microscopy
Each of 3 μg plasmid DNA of pAcP10-GFP, pAcP10Δ87–94-
GFP, pAcP10Δ65–94-GFP, pAcP10Δ52–94-GFP, pAcP10Δ3AA-GFP,
pAcP10ΔHR1-GFP, pAcP10mHR1-GFP, pAcP10HR(Ha–Ac)-GFP,
pHaP10HR(Ac–Ha)-GFP, or pGFP was used to transfect 1×10
6
Sf-9 cells in 35-mm polystyrene petri dishes with the aid of
Cellfectin (Invitrogen) respectively. In co-transfection experiments,
equal amounts about 2.5μg of each plasmidsDNAweremixed and
transfected into cells using Cellfectin. At 48 h post transfection, the
cells were viewed on a slide by confocal microscopy (Leica
TCSSP2) for fluorescence.
SDS-PAGE and Western blot
To prepare the protein lysates for SDS-PAGE, each sample of
transfected Sf-9 cells was collected and 4× SDS-PAGE sample
buffer was added followed by boiling at 100 °C for 5 min.
Proteins were separated by 12% SDS-PAGE and transferred
onto Hybond-C membrane by semi-dry electrophoresis transfer
(Bio-Rad). The membrane was blocked overnight in 5% (w/v)
nonfat dry milk in TBS-T [20 mM Tris, pH 7.4, 150 mM NaCl,
0.1% (v/v) Tween 20] and washed 3 times for 10 min each in
TBS-T before incubation with rabbit anti GFP ployclone
antibody (diluted 1:1000) for 1 h at 37 °C. After washing
another 3 times with TBS-T, the membrane was probed with
alkaline phosphatase-conjugated goat anti-rabbit antibody
(diluted 1:3000, Sino–American) for 1 h at 37 °C. Then the
membrane was washed with TBS-T and the signals were
detected using a BCIP/NBT kit (Sino–American).
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